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IX. A Determination of the exaSl Moments 
of Time when the Planet Venus was at 
external and internal ContaSl with the 
Suns Limb, in the Iranfits of June 6th $ 
1 76 1, and June 3^, 1769, 

By Samuel Dunn. 



Read Feb. 22,"T"N the year 1761, I prefented to the 
* 77 ° # X Royal Society an obfervation which I 
made of the external and internal conta&s of^the 
planet Venus with the fun's limb, containing feverat 
unexpected phenomena in thofe conta&s, which 
were fufficient to render them uncertain feveral 
feconds of time. In that paper I took no notice of 
that lucid annulus which alfo appeared to me to ex- 
tend outwards from the circumference of Venus to 
the breadth of about 5 feconds of a degree, but was 
particular in defcribing a certain narrow waterifh pen- 
umbra near the limb of Venus, which feemed not 
to exceed a tenth or twelfth part of the breadth of 
the lucid annulus, becaufe it appeared to me of a 
hazy and indiftindt colour, and extended itfelf to- 
wards the limb of the fun as the planet approached 
it, growing more and more dark and broad, fo that 
before Venus's real limb feemed to be at contact with 
the fun's limb internally, the thread of light was 
Vol. LX* K broken, 
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broken, though faintly. Another circumftance was, 
that the limb of Venus, near the point of contact, 
left its circular form. But the inftant of time when 
the thread of light was broken being the object in 
view, I omitted a detail of thofe particulars. 

In the late tranfit, June 3d, 1769, 1 carefully ob- 
ferved feveral circumftances attending that pheno- 
menon, which feem to me abfolutely neceflary to 
be attended to, in order to the exad determination 
of the time when the internal contact happened; a 
particular account of them is as follows; viz. 

Receiving an invitation from the prefent Aftronomer 
Royal to be at the Royal Obfervatory at Greenwich, 
at the time of the late tranfit, I determined to be 
there, rather than any where elfe, thinking that the 
experience which I had had of the former tranfit 
would enable me to make fuch an obfervation aa 
might be acceptable to pofterity. 

The time came, and the weather proved favour- 
able for making that obfervation, with all the exa<5t- 
nefs that could be wifhed for or defired. Several 
hours before the tranfit, having a very diftinit idea 
of the circumftances which appeared in forming the 
internal contact of Venus with the fun's limb, June: 
6, 1761, and being almoft certain fomething of the 
fame kind would now happen, I drew out fmall cir- 
cular diagrams, reprefenting Venus at feveral neat 
cliftances within the fun's difc, with the like obfeu- 
rity near the point of contadt as I had obferved in 
the tranfit of 1761, and requefted Mr. Hirft, Mr* 
Dollond* and Mr. Nairne, who were likewife to 
obferve, to ufe their utmcil endeavours for de- 
termining whether any fuch impediment occurred 
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or not 5 and if It did, to note the crrcumftances 
of it* 

The clocks to be obferved by, were fet by the 
Aftronomer Royal, but we were not acquainted with 
the time they were too faft or flow ; and the tele- 
la ope which I obferved with was an excellent achro- 
matic teiefcope, magnifying 140 times, inverting the 
objed, and made by Mr. Dollond. 

The telefcope being properly adjufted, and having 
a moil clear and diftind fight of the fun's limb 
where the external contact was expe&ed to happen ; 
at u h 56' 32" per clock (which, reduced by the 
Aftronomer Royal to apparent time, is y h io' 33'-), 
whilfl I was moving my eye gently along that part 
of the fun's limb where the contad: was expeded, 
there appeared as though a kind of lucid wave of 
tranfparent matter, of the colour of that part of the 
lucid annulus (which afterwards appeared round 
Venus), which was neareft to the limb of Venus, 
and taking up the fpace of about a fifth part of a 
minute of a degree along the fun's edge, this lucid 
wave feemed to ftrike gently againft the fun's limb, 
and in an inftant the little tremulous vibrations on 
the funs limb were totally ftopt, and that part of the 
limb was rendered thereby a little obfcure. A fecond 
and half of time after this, at the fame place of the 
fun's limb, arofe, firft gently, and then more vio- 
lently, a ferment, or boiling, very different in colour 
as well as magnitude, from the tremulous vibrations 
at other parts of the fun's limb, for it was darker 
and much more violent, and at n h 56' 36" per 
clock, or 7 b io' 37" apparent time, this fermen-* 
tation was enlarged along the limb of the fun, and 

K 2 the 
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the limb of Venus was entering on the fun's limb 
as in Fig. 20. Tab. III. 

My attention being at this time engaged in examin- 
ing the place around the point of contaft; I endea- 
voured to fee a kind of brown penumbra precede the 
limb of Venus, but faw none y inftead thereof a 
kind of whitifli light, at firft very faint, and after- 
wards as it advanced on the fun's difc becoming more 
ftrong, preceded the limb of the planet ; which light 
gradually diminished nearer to Venus, and formed a 
narrow margin of lucid matter, whereby the limb 
ef the planet became a little ilL defined. Almoft the 
fame circumftances happened in the exterior contact 
176 1, but with this difference, the lucid border then 
following, the limb of Venus was more clear and 
tranfparent. I was the more particular in thefe cir- 
cumftances, to be able to determine what differences 
Alight arife from obfervations made with telefcopes 
and eyes equally good, and conclude from the phae- 
Dpmena, that two fueh obfervers, with but little ine- 
equality in their judgments, might differ from each 
other ten feconds of time. Before this contadt and 
a little after it, I endeavoured to find a faint illumi- 
nation on the exterior limb of Venus j but could find 
none, till the time of internal contact drew near. 
Another circumftance attending the phenomenon was 
this ; the limb of Venus which firft entered on the 
fun's difc appeared to be the arch of a very fmaii 
circle; but as the planet advanced onward on the 
folar difc, that fame preceding part of Venus ap- 
peared to enlarge and expand itfelf, and the fubfc- 
quent part of Venus which was on the fun's limb, 
appeared as though it was the portion of a fmaller 

circle 
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circle $ and thus the planet appeared to the time of 
central ingrefs, at which- time half the plant t ap- 
peared a fcmi-ellipfis, the conjugate diameter fonm- 
ing the notch in the fun's limb. After the time of 
central ingrefs, whiift the latter half of the planet 
was paffing over the fun's limb, the like appearance* 
occurred, fo that, although that circumference was 
really concave to Venus's centre, a little after the 
central ingrefs, it appeared a little convex to that 
centre, and fo the planet advanced, that part of it 
which was neareft the fun's limb appearing con- 
traded, but enlarging itfelf a little farther on the 
difc. 

The planet being conliderably paft the central 
ingrefs, and being at broad black contadt with the 
fun's limb, but of an irregular form on account of 
the abovementioned circumftances, and it being hard 
to judge what kind of contact would appear, I per- 
ceived a very faint luminous crefcent exterior to the 
limb of the fun; and nearly coinciding with the pre- 
ceding limb of Venus continued over the fun'a limb. 
See Fig. 23. This crefcent was very faint, but 
ilcadily defined at certain fits and returns till y h 28' 
30" apparent time. When this crefcent being come 
near to the limb of the fun, it vanifhed, and feemed 
to foil in with a kind of confufed flight illumination 
in the limb of the fun itfelf, where the internal con- 
tact was to happen. At the fame time a kind of 
partial and very faint illumination took place, both 
a little without, and a little within the fun's limb, 
as well as in the limb itfelf, where the contact was 
lobe, and a gentle ebullition or boiling arofe a little 
without the funs limb on the limb of Venus, which 

continued 
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continued till the dark body of the planet was wholly 
within the fun's difc, or y h 29' 28" apparent time, 
when Venus's circumference was not pafled coin- 
ciding with the fun's circumference above three or 
four feconds of time. Whilft I was attentively view- 
ing this, and judging it difficult to determine the 
exa£t moment of circular contact, on account of the 
circumftances defcribed, the ebullition or boiling be- 
tween the limb of Venus and the fun became more 
violent, and the partial illumination increafed ; and 
at 7 h 29' 38" I few the planet as it were held to the 
fun's limb by a ligament formed of many black 
cones, whole bafes ftood on the limb of Venus and 
their vertexes pointing to the limb of the fun. Thefe 
cones put on various pofitions, and as Venus ad* 
vanced they alternately contraSed themfelves to- 
wards the limb of Venus, and expanded themfelves 
towards the fun s limb, performing their undulations 
always regularly and in the fame time, as the planet 
advanced on the difc, till y h 29' 48" apparent time. 
At the end of this interval, the agitation or fermen- 
tation was exceeding violent, for the whole limb of 
Venus would fometimes librate towards the limb of 
the fun, and fometimes the limb of the fun would 
turn convex in yielding towards Venus; but the 
thread of light was not yet formed, for ftili three 
or four broad parts of the ligament never had yet 
broke from the fun, and therefore the thread of 
light was not yet formed. I carefully examined 
the fides of thofe black cones cohne&ed with 
the limb of the fun, and faw the fiflures or fpaces 
between them to be filled with a fteady illumination, 
of the colour of twilight compared with the light 

of 
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of the fun $ and whilft I was fteadily attending to 
thefe circumftances, I faw the pure and genuine light 
of the fun break in between fame of thofe figures 
like ftreaks of lightening, which made the partial 
light become in two or three feconds of time, of 
the. fame colour as the light of the fun, yet ftili the 
undulating ligament though reduced was not broken* 
And now, 

In an iftftant, the northern part of the divided liga- 
ment withdraws itfeif from the fun's limb about 
half way towards Venus, and inftantly but gently 
it returns and again unites the limbs of the fun and 
Venus $ inftantly after, another lefs northern part of 
the ligament does the like, and then breaks ofF 
again, and fo doth each part of the divided ligament* 
till 7 h 2(/ 51" apparent time, when the ends or 
vertexes of the black cones between Venus and the 
fun's limb appear to be feparated from the fun's 
limb, retreating to that of Venus, and diffolving or 
dying away like a drop of tinge thrown into water,, 
and now the thread of light becomes compleat* 

The internal contact being paft, and Venus being 
wholly on the fun, I examined the fpace furrounding 
Venus, and faw fuch a lucid annulus around the 
planet as appeared in 1761, The part of this an- 
nulus next to the limb of Venus appeared a little 
duiky, but much more clear than in 1761 (when 
it appeared more confufed, and as a penumbra) ; but 
that part of the annulus fartheft off from the cir- 
cumference of Venus appeared to me a little tinged 
with blue. The breadth of the annulus about five 
or fix feconds. 

5 Upon 



Upon hearing a gentleman in the lower apartment 
call out to be fhewed the atmofphere of Venus, I 
now left my telefcope, went down flairs to Mr. 
Nairne and Mr. Dotlond, and defired them to be 
attentive at their telefcopes, and they would fee thb 
fhining annulus, which they attended to, and after 
a littld while faw it plainly, although for fome time 
they could not perceive any fuch thing. Then the 
other gentlemen prefent faw it, but not before me 
qor them. 

Thefe obfervations befog made, I ftate the firft 
external conta& at y h io' 37" apparent time for 
Greenwich. Circular contad internally at j h zg f 
25". Completion of the thread of light at y h 29' 
48" under the circumftances above defcribed. 

Although I would not willingly form any hypo* 
thefis from the aforementioned phenomena, there is 
one of them, namely, the appearance of the well- 
defined ftreaks of light between the fiflures, which 
feems accountable for thus. The partial light which 
preceded it, I take to be rays fcattered by refra&ion 
and reflexion through that part of the planet's at- 
mofphere where the contad was to happen j and the 
well-defined ftreaks of light following it, I take to 
have been the fun beams paffing between mountains 
on the furface of Venus's globe. 

To this account I have added feveral drawings of 
the appearances in the tranfit of 1761, and of the 
like appearances in the tranfit of 1769 ; and muft 
here beg leave to explain the meaning of an ex- 
preffion made ufe of" by me in the account of the 
former tranfit of 1761, in Phil. Tranf. In that ac- 
count, 
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count, by the expreffion, no lofs of light, I mean, 
that at thofe times the thread of light was not 
broken, but only obfeured by the brown or dark 
penumbra which interpofed between Venus and the 
limb of the fun. 

In the drawings,TAB. III. Fig. i . 2. 3. 4. 5. 6. fhew 
the penumbra which interpofed in 1 761, with the 
corefpondent times. Fig. 1 1. 12. 13. 14. 15. 16. are 
the fimilar gppearancea in 1769. Oppofite to which 
are the times of thofe appearances by different telef- 
copes, which table of different telefcopes was formed 
from experiments. Fig. 7. 8. and 9. 17. 18. and 
1 9* (hew how much the planet's figure differed from 
a circle in both tranfits. Fig. 10. (hews the external 
contact for 1761, and Fig. 20. the external con- 
tad for 1769, and Fig. 21. 22. 23. 24. 25. 26. 27. 
28. are more exadt reprefentations of the phenomena 
at the times there mentioned. 

Samuel Dunn. 
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